[Wl + ^AR^tWH^ffl^ |H| CN 1081473A 




0440019 



[51pnt.Cl 5 





1994 ^ 2/1 2 B 


C25B 1/24 


1221** H 


92.7.24 








C25B 9/00 C25B 11/02 




315300ttftt«jtS«T^ftEr 

















|571«« 

ra«-^«Ftt**aui**iRti*!ka*»a«f 



(BJ)3T 1456 ^ 



u m if * ^ 



5E»tt*MWIft75TC - 150'C . 

^80*C-130*Co 
MJK3j80-ll(rCo 

7. jW3R^l5f^i^6«ifeifiWIR^rfe, ^*0r%tt*«lt 



imm^mm^m^^u^um^ , mum 

it (4), 03ft<3)Jf«#(l) 
15. |«jpjWtl26<ltM, *+0f%WM«rtfiPW 



-2- 



-3- 



w 4* 



* emft ram . pjl««* sift m * %^hfm^j# 

Wo 

seme*:***. m^^T^mwfe«^^*«^^ 

4Po 



^^jm-^HM6<J^^W^^U S3 f 146, 179^PUS 
3, 000, 801^. j^#|*»«W«flcejLS.^#*^^W«^' 

^^J^Zl##IM^«^^i^US4, 139, 447^US4, 511, 



-2- 



2. nn^mw^w 



-3- 



-4- 



£J&. ^^fcb^Jil^W^^KF: HF=1: 1.8-1: 2.2<«R), 

^»^fitM^75-150-C^ f {im#^^«^80-130-C, 
^#^80-tlO-C, ifff«»*95-105-C, BP^ElOO'C^o 

&&&^&^mm, &±&4s*$*. a 



-5- 



ft^pUW^^. gfcWl^JW, 

5. i^&^^r^^^tt^^o 



-6- 



9...pHft^*fi=, 10-E&JMfM, H~&&£*4i 12 
15---HFilAPo 

£99 asms. 

mi&m 



1500AE£J?H 



-7- 



mm. 



(J$^BR280) 




2M 

170x45X3cm 
3i& 



&Mm&& KF : RF=1 : 2 



j^&Fi&S 3490kg 



^fc36OO/jN0t 
HF 7100kg 



-8- 



tit m * m 




1004 

92.2 



— I 



[54] Title of the Invention: IMPROVED ELECTROLYTIC FLUORINE 
MANUFACTURING METHOD AND EXCLUSIVE ELECTROLYTIC CELL 
[57] Abstract 

One type of improved electrolytic fluorine manufacturing 
method and a novel electrolytic cell. A cathode inside the 
electrolytic cell is designed as a heat exchanger, and as only 
a heat exchanger. The cathode is insulated from a cell body, 
and also insulated from a pipe transporting thermal fluid. A 
thermally stable fluid without electrical conductivity is 
employed as a thermal fluid. The heat exchanger has no risk 
of being perforated by corrosion, and also no risk that hydrogen 
and fluorine mix together. At the same time, excess consumption 
of electrical energy, which is caused in such a way that 
electricity passes through the cell body or a thermal fluid 
transporting pipe, or that it is generated through the thermal 
fluid itself, does not exist. Since this type of electrolytic 
cell is simple in structure, and excellent in operation, based 
on a single cell production capacity different in requirement, 
variously regulated electrolytic cells can be composed by using 
cathode heat exchangers different in number. 
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What is claimed is : 
1. One type of electrolytic fluorine manufacturing method 
of manufacturing fluorine, in which a compound consisting of 
a fluorine compound of a molten alkali metal and hydrogen 
fluoride is set to be an electrolyte, and a carbon material 
is set to be an anode, furthermore an ordinary carbon steel 
is set to be a cathode, comprising: 

using an electrolytic cell preparing a special structure; 

performing heat exchanging actions with the cathodes 
simultaneously inside the electrolytic cell; 

preparing a passage passing through a thermal fluid inside 
the cathode; 

performing electrical insulation entirely between the 

cathode and a thermal fluid transporting pipe, and between the 

cathode and a cell body; 

using one type of thermally stable fluid without 

electrical conductivity as a thermal carriers- 
melting the electrolyte by the quantity of heat flowed 

in by a fluid which flows inside a passage in the cathode, and 

has no electrical conductivity when starting electrolysis; 

taking away the quantity of heat generated by the 

electrolytic action with the thermal fluid in an electrolytic 

process; 
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and keeping an electrolyte temperature between 75°C and 
150°C, which is a normal operation temperature of the 
electrolyte . 

2. An electrolytic fluorine manufacturing method according 
to claim 1, wherein a thermally stable thermal fluid without 
electrical conductivity is a liquid with thermal conductivity. 

3. An electrolytic fluorine manufacturing method according 
to claim 1 or claim 2, wherein a thermally stable thermal fluid 
without electrical conductivity is one type of oil with thermal 
conductivity. 

4. An electrolytic fluorine manufacturing method according 
to claim 3, wherein a thermally stable thermal fluid without 
electrical conductivity is a transformer oil . 

5. An electrolytic fluorine manufacturing method according 
to claim 1, wherein an electrolyte temperature is between 80°C 
and 130°C. 

6. An electrolytic fluorine manufacturing method according 
to claim 1 or claim 5, wherein an electrolyte temperature is 
between 80°C and 110°C. 

7. An electrolytic fluorine manufacturing method according 
to claim 1 or claim 6, wherein an electrolyte temperature is 
between 95°C and 105°C. 

8. One type of electrolytic cell used for processing an 
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electrolytic fluorine manufacturing method according to claim 

I, wherein: 

the electrolytic cell employs an anode made of a carbon 
material and a cathode made of plain carbon steel; wherein there 
is a diaphragm, which separates fluorine and hydrogen generated 
in electrolysis, between the anode and the cathode; wherein 
the cathode (3) itself prepares a structure of the heat 
exchanger; wherein a passage (4) capable of passing through 
the thermal fluid is provided inside the cell; wherein a heat 
exchanger equivalent to the cell body (1) in potential does 
not exist; wherein the cathode (3) and the cell body (1) are 
separated by an insulating filler (11) ; and wherein the cathode 
and the thermal fluid transporting pipe are separated by an 
insulating spacer or an insulating attaching pipe (12) . 

9. An electrolytic cell according to claim 8, wherein a 
thermal fluid passage in the cathode exhibits a folding-shaped 
profile . 

10. An electrolytic cell according to claim 8, wherein a 
thermal fluid passage in the cathode exhibits a serpentine pipe 
profile . 

II. An electrolytic cell according to claim 8, wherein a 
thermal fluid passage in the cathode exhibits a row-shaped pipe 
profile . 
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12. An electrolytic cell according to claim 8, wherein a 
thermal fluid passage in the cathode stands in parallel with 
respect to each cathode. 

13. An electrolytic cell according to claim 8, wherein a 
thermal fluid passage in the cathode stands in series with 
respect to each cathode. 

14. An electrolytic cell according to claim 8 or claim 12, 
wherein thermal fluid passages in the cathode pass inside the 
cell and stand in parallel. 

15. An electrolytic cell according to claim 8 or claim 12, 
wherein thermal fluid passages in the cathode pass outside the 
cell and stand in parallel. 

16. An electrolytic cell according to claim 8 or claim 13, 
wherein thermal fluid passages in the cathode pass inside the 
cell and stand in series . 

17. An electrolytic cell according to claim 8 or claim 13, 
wherein thermal fluid passages in the cathode pass outside the 
cell and stand in series. 
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Specification 



IMPROVED ELECTROLYTIC FLUORINE MANUFACTURING METHOD AND 
EXCLUSIVE ELECTROLYTIC CELL 

The present invention relates to one type of improved 
fluorine manufacturing method and an improved type electrolytic 
cell exclusive to this method. 

Fluorine has an important application in chemical industry 
production, and can be used for various fluorination 
technologies, in particular, is used frequently for production 
of UF6 throughout the nuclear industry. 

In general, fluorine is manufactured at 100°C or so inside 
an electrolytic cell in such a way that a molten KF-2HF is set 
to be an electrolyte, that a carbon electrode is set to be an 
anode, and that a steel plate is set to be a cathode. 

Since the KF-2HF has a melting point of 71 . 7°C, and exhibits 
solid state under normal temperature, it is necessary for the 
KF-2HF to melt the electrolyte by supplying heat from the outside 
when starting electrolytic cell operation. On the other hand, 
in a normal electrolytic process, for keeping a temperature 
of the electrolytic cell in a range between 80°C and 110°C, heat 
generated by electrolytic reaction and heat radiated by a 
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resistance of the electrolyte are required to be removed quickly, 
otherwise, the temperature of the electrolytic cell increases 
constantly. Therefore, a heat exchanger is required to be 
arranged inside an electrolytic apparatus, and one type of 
thermal fluid is necessary to pass within the apparatus, and 
heating/cooling the electrolyte is realized through the fluid. 

In conventional methods, heating/cooling the electrolyte 
was realized in such a way that the electrolytic cell used for 
manufacturing fluorine, normally, was equipped with a double 
covering on an external surface of cell walls of the cell body 
in all cases, that they were set to be a heat exchanger, that 
steam and water were used as thermal 'carriers , and that these 
thermal carriers were passed through the double covering. 

Normal water is an electrical conductor, and since the 
transporting pipe is normally earthed, the heat exchanger of 
the electrolytic cell under this condition is also necessarily 
earthed. Accordingly, the heat exchanger of the electrolytic 
cell which realizes heat exchange using steam and water as the 
thermal carriers is normally equivalent in potential to the 
cell body. 

Except for the above, in the conventional methods, the 
following two types of electrolytic cells are usually employed. 

1. The cathode is conductive with respect to the cell 
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body, and a diaphragm is electrically insulated with respect 
to the cell body. 

2 . The cathode is electrically insulated with respect 
to the cell body, and the diaphragm is conductive with respect 
to the cell body. 

As one example of a first type of electrolytic cell, there 
is US3 , 146, 179 or US3, 000, 801 or the like. Since the cell 
body of this type of electrolytic cell and the heat exchanger 
are conductive with respect to the cathode, they can acquire 
electrolytic protection; therefore, it is difficult for the 
heat exchanger to be perforated by corrosion, and the thermal 
carrier has no opportunity to cause leakage into the electrolytic 
cell. However, since the cell body is conductive with respect 
to the cathode, the cell body like this is equivalent inpotential 
to the cathode, therefore, hydrogen is generated from both the 
cell walls and cell bottom in the electrolytic process . In order 
to prevent the hydrogen occurring in the cell bottom from 
invading into an anode region, it is necessary to cover an 
electrolytic bottom surface with an electrical insulator. In 
addition, with this type of electrolytic cell, it is necessary 
to insulate the diaphragm from the cell body, which is relatively 
difficult to achieve structurally. Accordingly, both a cell 
structure of the electrolytic cell of this type and an 
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electrolytic operation become relatively complicated. 
Furthermore, the cathode is conductive with respect to the cell 
body or the heat exchanger which is earthed, as a result, the 
cathode is in actuality earthed, therefore, excess consumption 
of electrical energy is caused. Accordingly, use of this type 
of electrolytic cell has become less since the 197 0s . 

As an example of a second type of electrolytic cell, there 
is US4, 139, 447 or US4, 511, 440 or the like. This type of 
electrolytic cell has, compared with the first type of 
electrolytic cell, an advantage of avoiding the risk of mixing 
hydrogen with fluorine, moreover, since the cathode is insulated 
with respect to the cell body or the heat exchanger which is 
earthed, excess consumption of electrical energy can be avoided. 
However, the greatest defect with this type of electrolytic 
cell is that the electrolytic protection cannot be obtained 
because the cell body and the heat exchanger connected to the 
cell are insulated with respect to the cathode, therefore, they 
easily corrode by electrolytes, and when the heat exchanger 
is perforated by corrosion once, water as the thermal carrier 
leaks into the electrolytic cell immediately, and the 
electrolyte and a carbon anode are damaged in extremity. These 
two patent documents disclose that they can be equipped with 
ant i -corrosion capability by employing monel metal as a material 



9 



of the cell body and the heat exchanger, however, this makes 
the construction cost of equipment clearly increase. 

The purpose of the present invention is to provide one 
type of electrolytic fluorine manufacturing method and an 
improved type electrolytic cell used exclusively for this method 
which can overcome the defects of prior arts of both types 
mentioned above. That is, the electrolytic fluorine 
manufacturing method and the exclusive electrolytic cell which 
are provided by the present invention effectively prevent the 
hydrogen generated by the electrolysis from mixing with the 
fluorine, and safety in production and purity of product can 
be thereby guaranteed, while production costs can be reduced 
by eliminating excessive consumption of electrical energy 
simultaneously, moreover, the heat exchanger is prevented from 
being perforated by corrosion and a resulting risk, of making 
the thermal carrier leak into the electrolytic cell is eliminated. 
Furthermore, the electrolytic cell is simplified in structure, 
low in equipment cost, and easy in operation. 

The inventor of the present invention summarized the 
present invention into the following several technical methods 
through in-depth research. 

1. Design is processed by fixing the cathode to be the 
heat exchanger, that is, a passage permitting the thermal fluid 
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to pass inside the cathode exists, and the heat exchanger 
equivalent in potential to the cell body is eliminated 
simultaneously. 

2 . The cell body and the cathode are made to be insulated 
from each other using an insulating material , and to be insulated 
from a transporting pipe of the thermal fluid simultaneously. 

3. On a method of electrolytic technology, basically, 
an ordinary technical condition including the same electrolyte, 
operation temperature and current density is employed. In 
another aspect, the method of the present invention employs 
the above-mentioned improved type electrolytic cell, and 
selects one type of fluid without electrical conductivity as 
a thermal carrier . 

As mentioned above, the cathode is insulated from the 
cell body, therefore, since any portion of the cell body except 
the cathode will not generate hydrogen, the hydrogen and the 
fluorine have no risk of being mixed together. In addition, 
since the cathode is insulated from the transporting pipe of 
the thermal fluid, and thermal fluid without electrical 
conductivity is employed, excessive consumption of electrical 
energy, which is caused in such a way that the current flows 
through the cell body or the thermal fluid transporting pipe, 
or that it is caused by the thermal fluid itself, does not exist . 
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Furthermore, the heat exchanger can be protected by the 
electrolytic protection by designing the cathode itself to be 
a heat exchanger by eliminating the heat exchanger equivalent 
to the cell body in potential, accordingly, the heat exchanger 
has no risk of being perforated by corrosion, and no resulting 
risk which may cause the thermal fluid to leak into the 
electrolyte exists. Moreover, since the electrolytic cell like 
this is simple in structure, and the cathode and cell body can 
be constructed using plain carbon steel, equipment construction 
is low in cost, and operation is convenient. The present 
invention has been completed in such a way that this type of 
effective electrolytic fluorine manufacturing method and the 
improved electrolytic cell equipped with this type of novel 
structure are studied and developed. 

In actuality, an advantage prepared by the electrolytic 
fluorine manufacturing method and the exclusive electrolytic 
cell of the present invention is derived from its novel concept, 
and there is no strict requirement on operating conditions or 
equipment construction with respect to those technologies . Next, 
characteristics of the present invention are described in a 
relatively detailed manner. 

The electrolyte used for the present invention is a typical 
electrolyte used for manufacturing fluorine, and consists of 
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a fluorine compound of alkali metal and a hydrogen fluoride, 
and of KF and HF of relatively common use. Its mole ratio is 
KF: HF=1 : 1 . 8 to 1 : 2 . 2 (mole) normally, and the most commonly used 
one is 1:2 (mole) , and is an electrolyte with a composition ratio 
of KF-2HF in roughness. The electrolytic temperature is not 
strictly limited, and it is satisfactory if only a molten 
condition of the electrolyte can be guaranteed. For example, 
normally, its temperature will be more than at least 75°C, on 
the other hand, excessively high temperature causes the 
electrolytic technology to accept a "minus" influence . However, 
the heat exchanger in the electrolytic apparatus used for the 
present invention is the cathode itself, and since it is equipped 
with an excellent electrolytic protection, it has no risk of 
being perforated by corrosion. Therefore, in the method of the 
present invention, an upper limit of the electrolytic 
temperature is permitted to be higher than that of a temperature 
in a conventional method. A suitable electrolytic temperature 
of the method of the present invention is between 75°C and 150°C. 
However, normally, 80°C to 130°C is often employed, and 80°C 
to 110°C is relatively preferable, furthermore, 95°C to 105°C, 
that is, 100°C or so is the most suitable. 

The thermal fluid without electrical conductivity which 
is used for the method of the present invention has no strict 
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limitation, and it is satisfactory if the thermal fluid is 
thermally stable, and simultaneously it bears a performance 
of heat exchange without performing electrical conductivity. 
It may be a gas or liquid. Among them, although as an example 
of an applied gas, there are gases such as air, nitrogen, carbon 
dioxide or the like which are stable with respect to heat and 
has no electrical conductivity, among them, air is relatively 
convenient. As an applied liquid, although there are various 
oils including no water normally, as an example, there is 
kerosene, diesel oil, liquid paraffin, various liquid 
hydrocarbon mixtures in petroleum byproducts or oils with 
thermal conductivity of various brands including transformer 
oil. Among the various types of oils mentioned above, oil with 
thermal conductivity is relatively preferable. 

One of the most important characteristics of the 
electrolytic cell of the present invention is that the cathode 
itself constitutes the heat exchanger, and it is the only heat 
exchanger in the electrolytic apparatus. That is, although it 
is necessary to provide a passage capable of flowing the thermal 
fluid inside the cathode, the passage has no strict limitation 
in type . It is satisfactory if it can only perform heat exchanging. 
For example, as a relatively suitable passage, there is a 
folding-shaped, a serpentine pipe, row-shaped pipe or the like . 
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These passages can be connected between each cathode in a 
different method, and may be connected in parallel or in serial . 
Different connection methods can be made available regardless 
of whether they pass inside or outside the cell. 

The cathode insulated from a thermal carrier conduit pipe 
is one of the most important characteristics of the present 
invention. They can employ any insulating method. For example, 
an insulating spacer can be used, and a pipe made of an insulating 
material is also available. 

The technical method and its characteristics of the 
present invention are explained in detail above. And, these 
novel technical methods make the electrolytic fluorine 
manufacturing method of the present invention and the exclusive 
electrolytic cell used for the method equipped with advantageous 
effects mentioned below. 

1. Since the cathode itself is the only heat exchanger, 
the heat exchanger has no risk of being perforated by corrosion, 
and an electrolytic temperature of relatively wide range can 
be employed, furthermore, the production process becomes safe 
and stable, therefore, equipment use life is extended. 

2 . Except for the cathode, the electrolytic cell and other 
portions generate no hydrogen. Therefore, there is no risk of 
mixing the hydrogen and the fluorine together, and its product 
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is high in purity. 

3 . The equipment is simple in both structure and operating 
method. 

4 . Since the thermal fluid without electrical conductivity 
is employed and insulation between the cathode and the 
transporting pipe of the thermal fluid is realized, no excessive 
consumption of electrical energy can be caused. 

5. Both equipment investment and production cost are 
relatively low. 

Next, attached drawings are explained briefly. 

FIG. 1 is a schematic illustration of the electrolytic 
cell of the present invention viewed from top. 

FIG. 2 is a longitudinal sectional view of the electrolytic 
cell of the present invention. 

FIG. 3 is a transverse sectional view of the electrolytic 
cell of the present invention . 

In the drawings : 1. ..cell body; 2. ..carbon anode; 3. ..cathode 
and heat exchanger; 4. ..thermal fluid passage; 5.. . diaphragm; 
6...F 2 outlet; 7...H2 outlet; 8. ..cathode conductive tube; 9. ..anode 
conductive rod; 10. ..electrolytic cell lid; 11. ..insulation 
filler; 12. ..insulating spacer or insulation attaching pipe; 
13. ..electrolyte level; 14. ..thermal fluid passage connection 
pipe; 15. ..HF poring aperture 
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Next, the present invention is further explained by 
relating to the embodiment. However, it is clear that this 
embodiment is only one of the relatively preferable methods 
of the present invention, and there is no limitation with respect 
to the scope of the present invention. Any skilled technician 
in the present field can create various variations and 
modifications only based on the practical features of the present 
invention, however, the following matters shall be understood. 
That is, anything equipped with practical characteristics of 
the present invention including any various variations shall 
belong to the scope of the present invention. 



Materials of each portion of the equipment and types of thermal 



Embodiment 1 



Equipment 



1500A electrolytic cell 



fluid: 



Cell body 



Carbon steel 



Diaphragm 



Carbon steel 



Cathode 



Carbon steel 



Anode 



Amorphous carbon 



Thermal fluid 



Oil 



with 



thermal 



conductivity (brand number: BR280) 



Cell body size 



220x90x45 cm 
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Size of 1 piece of the anode 63x18x5 cm 

The number of set of the anode 2 sets 

Total number of the anode 16 pieces (8 pieces in 1 set) 

Cathode plate size 170x45x3 cm 

The number of cathode plate 3 pieces 

(That is, each 1 piece of cathode plate at a middle portion 

and both right and left sides of 2 sets of anodes) 

Cell total voltage 10V 

Electrolyte composition KF:HF=1:2 

Electrolysis test time Total 3600 hours 

Material total poring quantity HF 7100 kg 

Product F 2 total quantity 3490 kg 

Relative current efficiency with respect to F 2 91% 

Corrosion state of the equipment: The cathode has no corrosion 

phenomenon, and the cell body and welding connection of the 

diaphragm have slight corrosion. 

The test electrolytic cell is convenient inmanuf acturing, 
and is low in construction cost, furthermore, the electrolytic 
cell is stable in production, and convenient in operation. And, 
the electrolyte of each portion in the cell is uniform in 
temperature, and HF is low in consumption. Even when the cell 
body is perforated by corrosion, only a slight amount of 
electrolyte leaks out, and although the electrolytic cell has 
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to be halted in operation, it can be used continuously for 
production if the cell body is repaired after extracting the 
electrolyte. As a matter of course, when the cell body and the 
diaphragm are made of monel metal, its effect can be further 
expected. 
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Drawings Attached to Specification 

FIG . 1: fluorine manufacturing electrolytic cell equipped with 
2 sets of anodes 

Schematic illustration viewed from top 

FIG. 2: fluorine manufacturing electrolytic cell equipped with 
2 sets of anodes 

Sectional schematic illustration longitudinally sectioned by 
the arrow A-A 

FIG . 3: fluorine manufacturing electrolytic cell equipped with 
2 sets of anodes 

Sectional schematic illustration transversely sectioned by the 
arrow B-B 

FIG. 3: fluorine manufacturing electrolytic cell equipped with 
2 sets of anodes 

Sectional schematic illustration transversely sectioned by the 
arrow B-B 
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